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strength  of  reservoir  rocks  such  as  limestone  and  sandstone.  A  combination  of  rock 
mechanical  testing,  grain  size  distribution  analysis  and  analytical  techniques  are  used  to 
establish and define the effects of  these chemicals on grain dissolution and unconstrained 
compressive strength. The results suggest that some  interactions such as chemical reaction 










extensively  as  inhibitor,  surfactant,  biocide,  stabilizer,  depressant,  retarder,  scavenger, 
defoamer,  demulsifier  and  stimulant.  However,  the  potential  deleterious  geomechanical 
effects of these chemicals on the reservoir formation rock are often not considered by the 
current  industry  approach  to  geomechanical  evaluation  and  prediction  of  sand  failure  of 
reservoir  formations  that  have  experienced  substantial  use  of  these  chemicals. 
Geomechanical evaluation of the effects of these oilfield chemicals on the properties of the 
reservoir rock is required in the development of effective sand failure models (Oluyemi et al., 












studied  the  effects  of  interaction  between  chemicals  like  hydrochloric  acid  (HCl),  carbon 
dioxide (CO2), brine and water (H2O), diethylenetriamine penta (methylene phosphonic acid) 





























Table 1: Core sample geometrical parameters and location 
Samples L (mm) D (mm) L/D Depth (ft) Location 
SST-1 31 57 0.5 1946-1966 Niger Delta 
SST-2 39 56 0.7 1946-1966 Niger Delta 
SST-3 27 59 0.5 4009-4022 Niger Delta 
SST-4 22 62 0.4 1580-1583 Niger Delta 
LST-0 29 57 0.5 34-39 Sokoto Basin 
LST-3 50 47 1.1 131 Anambra Basin 
LST-4 35 54 0.6 22-25 Sokoto Basin 
LST-5 46 46 1.0 53 Anambra Basin 
LST-6 41 58 0.7 88-101 Sokoto Basin 










the  procedure  recommended  by  the  International  Society  for  Rock  Mechanics  (ISRM) 
(Bieniawski and Bernede, 1979; ASTM 1991) using a screw‐driven mechanical test machine 
Instron model 3382 that has a load capacity of 100 kN. The weight, length, and diameter of 




The  uniaxial  compression  test was  carried  out  on  both  chemically  treated  and  untreated 










































Table 2: Brine composition  
Element Na+ K+ Ca2+ Mg2+ Ba2+ Sr2+ Cl- SO42- HCO32- 
Concentration 








The  SEM/EDX analysis was undertaken using a Zeiss EVO  LS10  variable pressure  scanning 
electron  microscope.  Samples  were  prepared  by  cutting  them  into  nuggets,  thoroughly 
degreased  and  dried  to  eliminate  any  outgassing  from  organic  contamination  and water 
before mounting on a stub for characterization.  
Two  types of  test  (bulk mineralogy and clay  fraction) were carried out by means of X‐Ray 
powder diffraction (XRPD) using identification and quantification of polycrystalline materials. 
Bulk samples were wet ground for 12 minutes in ethanol in a McCrone mill and sprayed dry 
to  produce  random  powder  specimens.  X‐ray  powder  diffraction  (XRPD)  patterns  were 
recorded  from  2‐75°2θ  using  Cobalt  Kα  radiation,  counting  for  2  seconds  per  0.02°  step. 



























Sandstone was  found  to  have well‐sorted,  sub‐rounded  quartz  grains  (Figure  1a).  This  is 
confirmed by EDX scan showing high traces of silicon and oxygen (Figure 1b and Table 3). The 









         
Figure 1: Characterisation of untreated sandstone: (a) SEM micrograph, (b) EDX scan, (c) 






























































Na ND 0.5 1.3 0.7 
Mg ND 0.2 0.5 1.0 
O 61.3 63.0 65.9 66.2 
Al 0.6 2.9 2.8 4.3 
Ag ND ND ND 0.27 
P ND ND 2.0 ND 
Cl ND 0.3 2.1 0.7 
K 0.1 1.1 0.2 0.4 
Ca 0.1 4.5 0.1 ND 
Fe 0.1 0.4 1.5 2.7 
Ti ND 0.3 ND 0.2 
C 13.2 10.2 2.07 ND 
Si 24.5 16.6 20.2 23.6 
Total  100.0 100.0 98.7 100.0 






I+I/S‐ML,  kaolinite  and palygorskite  (Figure 2c  and  Table 5).  The  X‐ray powder diffraction 
(XRPD) results for bulk mineralogy (whole rock analysis) shown in Figure 2c and Table 5 further 
reveal  the  presence  of  quartz,  calcite,  dolomite,  I+I/S‐ML,  kaolinite  and  palygorsite  in 

























     
  
Figure 2: Characterisation of untreated limestone (a) SEM micrograph, (b) EDX scan, (c) 




































































Na 0.93 ND 33.5 ND ND 
C 18.8 25.5 10.0 13.8 13.8 
O 57.5 46.6 11.7 53.9 60.6 
Mg 1.8 0.4 0.6 0.4 0.3 
Al 4.9 1.0 1.0 2.0 0.5 
Si 0.1 2.9 4.0 0.3 0.4 
S 0.2 0.6 ND ND ND 
Mn 0.1 0.3 ND ND ND 
Fe 0.1 0.7 0.4 0.2 0.2 
Cl ND ND 35.8 ND 0.2 
K ND ND ND ND ND 
Ca 13.9 20.4 3.1 29.4 24.2 
Total 98.4 98.4 100.0 100.0 100.0 



























































































SST-Untreated 83.3 0.0 12.1 1.3 0.0 0.1 0.0 0.2 0.0 1.0 0.0 2.0 0.0 100.0 
SST-Betaine 62.9 0.3 14.8 13.2 0.0 0.4 0.1 0.1 0.0 2.5 1.5 4.2 0.0 100.0 
SST-ATMP 96.4 0.0 1.3 0.2 0.1 0.1 0.0 0.9 0.0 trace 0.4 0.6 0.0 100.0 
SST-Glut 96.8 0.5 1.2 0.1 0.6 0.0 0.0 0.1 0.0 trace 0.3 0.4 0.0 100.0 
LST-Untreated 3.9 0.0 0.0 78.6 2.4 0.0 0.0 0.0 trace 6.1 0.0 3.5 5.5 100.0 
LST-Brine 3.6 0.0 0.0 79.3 3.1 0.0 0.0 0.2 trace 4.9 0.0 3.2 5.7 100.0 
LST-Betaine 0.8 0.0 0.0 95.5 0.5 0.4 0.0 0.0 0.4 2.4 0.0 0.0 0.0 100.0 
LST-ATMP 1.6 0.0 0.0 79.5 0.0 0.1 0.0 0.5 0.0 5.1 0.0 0.0 13.2 100.0 
LST-Glut 2.1 0.0 0.0 91.1 0.9 0.3 0.0 0.0 0.0 4.4 0.0 1.2 0.0 100.0 
SST = Sandstone; LST = Limestone; ATMP = Aminotri (methylphosphonic acid); Glut = Glutaraldehyde 









Table 6: Relative percentage of clay minerals in the < 2µm clay size fraction 
Sample ID Chlorite Kaolinite Illite I/S_ML Palygorskite %Expandability 
SST-
Untreated 6 45 2 47 0 100 
SST-betaine 7 33 2 58 0 100 
SST-ATMP 27 40 4 29 0 indeterminate 
SST-Glut 24 44 5 27 0 indeterminate 
LST-
Untreated 1 18 0 44 37 85 
LST-brine 0 11 0 45 44 85 
LST-betaine 0 4 0 96 0 indeterminate 
LST-ATMP 0 tr 0 48 52 85 
LST-Glut 0 11 0 89 0 85 
3.2 Effect of chemicals on geomechanical strength 
The pre and post chemical treatment uniaxial stress‐strain responses in compression for the 
sandstone  and  limestone  are  shown  in  Figure  3.  For  both  chemically  treated  (post)  and 
untreated (pre) samples, the load increased linearly with increasing applied axial displacement 
(or strain) until failure of the sample or the load limit of the test machine was reached.
   
 
 
Figure 3: Uniaxial compression response pre-treatment and post chemical treatment of (a) 
sandstone and (b) limestone.  
Acknowledging  that  the  sample dimensions have  influence on  the  strength,  the measured 
strength of core samples with length/diameter (L/D) ratio less than 2 was corrected using the 

















































and  split  before  the mechanical  test  possibly  as  a  result  of  the  interaction  between  the 




strength  for  sandstone  treated  with  ATMP  and  limestone  treated  with  glutaraldehyde 
respectively, when compared with the corresponding untreated samples. 
Table 7: Summary of mechanical test results for sandstone and limestone 
Sandstone 
Pre-
Treatment *Brine ATMP Betaine **Glutaraldehyde 
Max. load (N) 80,382 N/A 54,618 45,307 90,000 
UCS (MPa) 72 N/A 18 40 32 
L/D ratio 0.7 N/A 0.4 0.5 0.5 




Treatment **Brine ***ATMP **Betaine Glutaraldehyde 
Max. load (N) 85,176 90,000 N/A 90,000 78,922 
UCS (MPa) 76 ≥80 N/A ≥54 45 
L/D ratio 0.7 0.5 N/A 1 1 
UCS (MPa) using ASTM (0.87)17 66 70 N/A 47 39 
* Insufficient sample 
** No failure at maximum load of 90 kN 














Figure 4: Damaged limestone due to treatment with ATMP. 



























I+I/S‐ML,  chlorite,  calcite  and  kaolinite  in  the  sandstone  treated with  betaine;  quartz,  K‐
feldspar, calcite, dolomite, halite, chlorite and kaolinite in the sandstone treated with ATMP; 
and  quartz,  plagioclase,  K‐feldspar,  calcite,  dolomite,  halite,  chlorite  and  kaolinite  in 
sandstone  treated  with  glutaraldehyde.  Quartz  which  is  the  dominant  mineral  in  the 
sandstone  core  sample  is  believed  to  be  non‐reactive  in  the  presence  of  acidic  inhibitor 

















Figure 5: The SEM micrograph of sandstone post saturation with betaine showing (a) the spread 
of altered minerals on unaltered grain, and, (b) Pitting; and the associated: (c) XRPD bulk 
mineralogy scan and (d) EDX scan. 




Calcite + K‐feldspars + quartz + Kaolinite                    Quartz + Kaolinite + K‐feldspar + calcite + Chlorite + I+I/S‐ML  [1] 
Quartz + K‐feldspar                      Quartz + K‐feldspar + (Calcite + Halite + dolomite + Chlorite + Kaolinite + Pyrite)Trace  [2] 










































exposure due  to  insufficient  number  of  core  sample, which  could have  served  as  control 
makes it difficult to confirm that the changes observed in sandstone are entirely due to the 











































                 
 
Figure 6: (a) The SEM micrograph of limestone post saturation with betaine showing the 
spreading of altered minerals on unaltered grain, (b) EDX scan; (c) XRPD bulk mineralogy and 





with  little  or  no  change  in  the  presence  of  brine  and  ATMP.  However,  palygorsite 
[(Mg,Al)2Si4O10(OH).4(H2O)] increased significantly from 5.5 wt% (untreated) to 13.2 wt% with 
















































Calcite + I+I/S‐ML                                                                        Calcite + (Quartz + I+I/S‐ML + Dolomite + Apatite + Pyrite) Trace            [5] 
 Calcite + Quartz + I+I/S‐ML + Palygorskite                    Calcite + I+I/S‐ML + Palygorskite + (Quartz + Pyrite + Halite) Trace        [6] 
 Calcite + Quartz + I+I/S‐ML + Kaolinite                      Quartz + Calcite + I+I/S‐ML + (Kaolinite + Pyrite + Dolomite) Trace            [7]  
 
Table 8: Interactions between oilfield chemicals and formation rocks 
Reactions Products 






I + I/S-ML 
ATMP (N(CH2PO9H2)3) and sandstone (SiO2) Quartz 
 
Gltaraldehyde (C5H8O2) and sandstone (SiO2) Quartz 
 
ATMP (N(CH2PO9H2)3) and limestone (CaCO3) Calcite 
 Palygorskite 
 I + I/S-ML  




(quartz, dolomite, apatite, pyrite) - 
trace 
Glutaraldehyde (C5H11NO2) and limestone 
(CaCO3) Calcite 
 I +I/S-ML 
  





limestone  decreased  from  18%  to  11%,  4%,  trace  and  11%  in  brine,  betaine,  ATMP  and 











generally  weaker  than  a  typical  sandstone  (Balog  et  al.,  2014).  It  has  been  shown  that 
amphoteric  betaine  adsorption  in  the  presence  of  divalent  ions  is  significantly  higher  on 
sandstone, in contrast to the adsorption on limestone (Mannhardt et al., 1993). The results 























effluents  appear  to  exhibit  a  broader  grain  distribution  profile  with  poorer  sorting  in 
comparison to the original brine (Folk, 1966). Figures 6 shows that there was a release of some 
particles  into the various chemical solutions during the tests. Similarly,  integration of these 







the  near  outer  surface  of  the  core.  This  is  likely  to  occur  from  a  low  porosity  and  low 
















       
                
 
(c) 
Figure 7: Comparison of the particle size distribution of the original brine and of (a) the 
effluents of sandstone and limestone in the brine; (b) the original brine and effluents from 
sandstone in betaine, ATMP and glutaraldehyde; (c) the original brine and effluents from 








































































Original brine  26  40  41  0.36  Well sorted 
Sandstone in brine  4.5  74  409  0.83  Moderately sorted 
Limestone in brine  4.5  74  4.9  0.64  Moderately well sorted 
Sandstone in 
glutaraldehyde  21  340  650  2.75  Poorly sorted 
Limestone in 
glutaraldehyde  76  258  659  0.90  Very poorly sorted 
Sandstone in ATMP  5  349  700  2.10  Very poorly sorted 
Limestone in ATMP  76  350  800  1.23  Poorly sorted 
Sandstone in betaine  141  350  750  0.94  Moderately sorted 




the  cores grain  fabrics  causing disintegration of  the existing  grain–to–grain binding which 
could lead to eventual failure.  
4. Conclusions   











It  is  imperative  that  field operators  take  into  cognizance  the potential  for dissolution and 
precipitation reaction between the materials (quartz and calcite) that cement the grains of 
sandstone  and  limestone  and  oilfield  chemicals.  Dissolution  reaction  can  lead  to  the 
weakening of the rock fabric whilst precipitation may result in the formation of new materials 
which  are weaker  than  the original  rock materials.  It  is  therefore  recommended  that  the 
interaction  between  these  chemicals  and  formation  rock  should  be  factored  into  the 
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